Coolness has recently started to be explored as a design goal for interactive products from practitioners as well as researchers within HCI, but there is still a need to further operationalize the concept and explore how we can measure it.
2 to characterize many products, designing for coolness has become increasingly important over the last years for practitioners and researchers. Coolness is now being integrated into interactive design processes and became a part of interaction design and HCI. As pointed out by Sundar et al. (2014) coolness in interactive products has become an essential psychological criterion for designers and developers when creating new systems, applications, interfaces, or devices.
In relation to coolness there are at least three challenges that need to be addressed. Firstly, coolness as a goal of a design process is somewhat new and various notions on coolness exist. Recently, few studies started to investigate coolness as a concept within interaction design, e.g. Holtzblatt et al. (2010) , Holtzblatt (2011 ), Fitton et al. (2012a , 2012b , Read et al. (2011 Read et al. ( , 2012 , McCrickard et al. (2012) . These papers present studies investigating coolness for a variety of interactive products and within different contexts of use. These studies constitute the first steps in the process of understanding coolness, but at the same time coolness is not as well defined as other product qualities, such as usability (ISO 9241-11, 1998) , or pleasure (Jordan 1997 ).
Thus, we see a challenge in defining coolness in relation to interactive products.
Secondly, in order to apply coolness as a design goal then interaction designers need to be able to assess the coolness of design ideas. Thus, there is a need for specific tools and techniques that will allow us to measure the coolness of prototypes/products.
In the past, this was the case for other product qualities too. For example, regarding usability and user experience the HCI community has developed theories, guidelines, methods, principles and provided design practitioners with an array of tools and constructs. Currently in the "cool" literature there are few papers that provide such tools, e.g. there are studies that outline techniques for identifying and analysing coolness through card sorting (Fitton et al., 2012a; Fitton et al., 2012b) , or one 3 questionnaire that measures coolness (Sundar et al., 2014) . A challenge here is to develop reliable and valid instruments to measure coolness, but also instruments that can be quickly and easily used by practitioners during product development.
Thirdly, since the scope is broadened by the fact that coolness is being explored as a design goal, there is a challenge in positioning coolness in relation to other established qualities such as usability and hedonic qualities. These are known from other established questionnaires, yet we know little of the extent to which constructs overlap. Such a challenge is important for researchers as it allows for a more detailed understanding of coolness, as well as for practitioners as they need to know what concepts they address in their designs when using different tools.
In this paper we attempt to address these challenges and our main contribution is the design and construction of the COOL Questionnaire, a questionnaire suitable for assessing the coolness of interactive products. Informed by previous literature on coolness we derive a series of key characteristics that describe the essence of coolness, addressing the first challenge. Based on this, we present the process of developing the questionnaire using the statistical techniques of exploratory factor analysis and confirmatory factor analysis. The COOL Questionnaire is the result of this process, which addresses the second challenge. The questionnaire is presented in detail in Section 4 along with the detailed explanations on the conception of its items (Sections 5 and 6). Finally, the third challenge is addressed as we compare our COOL Questionnaire with other established user experience questionnaires (Section 6). We conclude our paper by discussing our work in relation to that of others, its relation to user experience and interaction design, its generalizability, as well as avenues for further research.
Within human-computer interaction and interaction design a number of research papers investigated the notion of cool, its meaning and its relation to interactive product design.
This research effort has contributed to the initial understanding of the term cool both conceptually and methodologically and also presented different ways of working with it in design. At the same time due to its novelty there are also studies that advise caution in introducing coolness to design processes (Cowan et al., 2013) .
In 2011, Holtzblatt (2011) discussed the concept of cool and stressed that cool products bring joy to our lives and contribute to our personal feelings of accomplishment, connection with others, identity, and delightful experiences.
Methodologically Holtzblatt presents "The Wheel of Joy" and "The Triangle of Design" as tools for defining the aspects of life and experience that designers should focus on when designing for cool. Additionally, in an early study on cool in HCI, Read et al. (2012) developed a conceptual framework of "Being Cool", by "Doing Cool Things" and by "Having Cool Stuff" facilitating the design of cool artefacts and interactive products for teenagers, displaying characteristics such as being rebellious, antisocial, retro, authentic, rich, and innovative Horton et al., 2012) . These characteristics were derived through a detailed literature review and the same was the case with Culén and Gasparini (2012) where they argued that perceived coolness is affected by factors like fun, mastery, adding value, useful, successful, self-presentation and innovative. As a next step, many studies took these characteristics, explored their applicability in different contexts and studied their relations. For example, McCrickard et al. (2012) investigated challenges and opportunities in designing cool user interfaces for young people and concluded that the characteristics identified by Read et al. (2012) and Horton et al. (2012) are suitable for understanding coolness, but they also elicit different reactions to people from different demographics (age, gender, expertise, etc.) .
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Furthermore, De Guzman (2012) and Fitton et al. (2012a Fitton et al. ( , 2012b presented techniques for identifying and analysing coolness through "Cool Card Sorting", or mapping out people's coolness preferences using the "Cool Wall".
As identified in many of the previous papers one next step in incorporating coolness to interaction design processes is to define ways to measure it. For example, McCrickard et al. (2012) highlighted the need for a 'cool engineering' approach, which would enable design activities, like understanding how target users think, evaluating designs, and in the end, producing cool interactive products. Towards this end, three studies recently appeared where experiments were conducted, either with the aim to produce tools that measure coolness, or to understand its relation to other constructs. Sundar et al. (2014) conducted a literature review as a starting point to identify potential coolness factors and to derive a questionnaire. From an exploratory study with 315 participants they extracted key factors that contributed to coolness. These factors were then transformed to questions and two more studies were performed in order to reduce the number of question items. In this study by Sundar et al. (2014) , images of a variety of software and hardware artefacts (USB drive, Wii, Prezi, Warcraft, etc.) were presented to a large number of participants (1150 in total) and the statistical techniques of exploratory and confirmatory factor analysis techniques were applied. The end result of the Sundar et al. (2014) paper is a questionnaire, which concludes that the coolness of a product can be conceptualized as a matter of originality, attractiveness and subcultural appeal.
Similarly, Farnsworth et al. (2014a Farnsworth et al. ( , 2014b describe the process of creating a questionnaire for measuring coolness, without publishing the questionnaire itself. They created their questionnaire by conducting several studies that included 900 consumers and over 2000 business professionals from around the world, over a 3-year period, and 6 they argue that cool can be measured by seven constructs: accomplishment, connection, identity, sensation, direct into action, the hassle factor and the learning delta. Warren and Campbell (2014) investigated the relation between coolness and the concept of autonomy, as well as the factors that may affect it. Coolness in their study was measured using two scales ("how cool or uncool do you consider the design" and "how cool or uncool would your friends consider the design"). Autonomy was measured using an established questionnaire. In their six studies the participants rated everyday objects (such as bottle designs) and brands (using logos). The authors concluded that brands as well as objects that diverge from the norm (have increased autonomy) in a way that seems appropriate are perceived as cool (Warren and Campbell, 2014) .
All the above research studies have contributed considerably to our initial understanding of cool, how to design for it, and how to measure it. However, these papers have also strongly highlighted the need for further research. Although early conceptualizations have been put forward, cool still remains a very difficult concept to operationalize within interaction design as it is difficult to grasp and measure. As a result, it is very difficult to design for. In response to this challenge our efforts will, similar to those of Sundar et al. (2014) , focus on breaking down the concept of cool into smaller entities and then using these systematically as building blocks in order to produce a questionnaire that can measure the perceived coolness of an interactive product. In order to decompose coolness we conducted an extensive literature review focusing the domains of interaction design, marketing and the music/movie industry (Raptis et al., 2013) . The aim of the review was to understand what coolness is and to identify its basic characteristics. Through this process we have identified three core principles of coolness, which shaped our experimental design: 1) Coolness consists of inner and outer cool, 2) Coolness is recognized immediately, and 3) Coolness is grounded in people's communities (Raptis et al., 2013) .
Coolness Consists of Inner and Outer Cool
According to the literature, coolness can be divided into inner cool and outer cool (Nancarrow et al., 2001; MacAdams 2001) . Inner cool is about someone's or something's personality or character. Outer cool is about how something presents itself through a certain style in physical appearance.
Inner cool for people relates to the way somebody's personality is perceived.
Inner cool for objects refers to the perceived personality traits that people assign to them in order to help them understand and relate to them (Janler and Stolterman, 1997; Jordan 1997) . Outer cool for people is typically a matter of somebody's clothes, accessories, language and pose (Gioia 2009 ). For objects it is a matter of similar aesthetic qualities in their design, for example, physical form, materials, lines, colours etc. Consequently, if someone believes that in the movie "Rebel Without a Cause" James Dean is cool this does not only refer to the way he looks (outer cool), but also to his perceived personality in that movie (inner cool). Additionally, when an object is characterized as cool, e.g. an iPhone, this does not only refer to its physical appearance (outer cool), but also to its perceived character as a design object (inner cool).
Inner and outer cool are interrelated, where outer cool is typically expressed through cool style and inner cool conversely enhances the coolness perception of a person's, or an object's perceived personality and character ( Figure 1 ). From our literature review on cool (Raptis et al., 2013) a number of characteristics have emerged for inner as well as outer cool. Although we consider outer cool as very important, we chose to focus on inner cool. The inner cool characteristics we have identified in the literature are presented in Table 1 and were used as the starting point in the process of creating our COOL questionnaire.
Inner cool characteristic Sources
Being rebellious Pountain and Robbins (2000) Being antisocial Pountain and Robbins (2000) ; Nancarrow et al. (2001) Embracing authenticity Southgate (2003) Embracing innovation Pountain and Robbins (2000) Seeking exclusivity Charles (2002) ; Nancarrow et al. (2001) Seeking pleasure Pountain and Robbins (2000) ; MacAdams (2001) Seeking personal development Pountain and Robbins (2000) ; MacAdams (2001) Being/appearing in control Pountain and Robbins (2000) ; MacAdams (2001) Making hard thing appear easy Pountain and Robbins (2000) ; Majors (2001) Being detached or emotionally neutral Majors and Bilson (1993) 
Coolness is Recognized Immediately
The literature generally agrees that coolness is something we perceive and recognize immediately based on what is observed in the moment (e.g. Pountain and Robbins, 2000; Frank 1997 ) and thus, coolness is not something we need to think about a lot.
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This applies both to people and objects and it is based on an immediate judgement of both their inner and outer coolness. The interesting issue here is that people do not identify and rate all the qualities of a person or a product in order to make this judgment, but they perceive and/or infer instead only the qualities they consider as relevant to the specific context (Kruglanski and Gigerenzer, 2011; Van Schaik et al., 2012) .
Coolness is Grounded in People's Communities
While ones perception of coolness in people and objects is subjective, and therefore often different from person to person, it is not simply a matter of individual preference.
Instead the "rules" about what is cool and what is not cool are deeply grounded in the communities we belong to, e.g. cultural, social, political, and sexual groups (e.g. Thompson 1973; O'Donnell and Wardlow, 2000; McAdams 2001; Horton et al., 2012) .
It is through participation in these different communities that our individual perception of coolness is shaped. Young adults who like to skateboard belong to a very different community in society than middle-aged bank employees. Consequently they have very different ideas about what is cool. One group might like to listen to Eminem while the other might like Johnny Cash. But these communities have not formed because of shared taste in music. The taste in music is formed through participation in the community, as meaning is shared (O'Donnell and Wardlow, 2000; Gioia 2009 ) and is constantly negotiated (Rodkin et al., 2006) . This common perception about cool not only ties a group together, but also separates a group from other groups as well as from mainstream society (Saxton 2005; Horton et al., 2012) . As a consequence we cannot universally conclude about the coolness of persons or products, without also contemplating the communities they are parts of and are considered in (Gerber and Geiman, 2012) .
Measuring Cool
The primary contribution of this paper is the COOL questionnaire, shown in Figure 2 .
In order to produce the listed questionnaire items, we went through a process of careful application of statistical methods (described in detail in sections 4 and 5). This process took us from the 11 characteristics identified in the literature (Table 1) to three factors suitable for measuring the perceived inner coolness of an interactive product. The COOL questionnaire represents a validated proposal for measuring perceived inner coolness through 17 items on a 7-point Likert-like scale. It can specifically be used to measure an interactive product's perceived inner coolness and can be directly applied to an empirical study of coolness in the form presented in Figure 2 . The COOL Questionnaire measures desirability through six items related to how a specific interactive product appeals to personal desire, for example "This device can make me happy", or "This device can make me look good". Rebelliousness is measured through five statements regarding the conventionality of the device, for example "This device is outside the ordinary" or "This device is unconventional". Usability is measured through five items related to ease of use, for example "This device is easy to operate", or "This device is effortless to use".
Furthermore, the COOL questionnaire contains the control question "This device is cool". This question was included in the questionnaire as a direct measure of coolness in a similar matter that the ugly/beautiful, bad/good items are included to Attrakdiff2 questionnaire (Van Schaik et al., 2012) . The control question will allow practitioners to understand which of the three inner cool factors mostly affect the cool perception in specific cases. For example, usability might be considered as the dominant factor for shaping perceived inner coolness when a bank employee interacts with a new IT system that makes his work easier, or rebelliousness when we are buying a new watch. Finally, the questionnaire was purposefully designed in order to be easily used for a variety of products by replacing the word "device" with e.g. "website".
Developing the Cool Questionnaire
Creating questionnaires require meticulous statistical exploration and confirmation in order to ensure robustness, for example to be certain that the proposed question items measure particular factors reliably. In order to create the COOL Questionnaire we applied Exploratory Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA) by following the example of Lavie and Tractinsky (2004) when they created their classic/expressive aesthetics questionnaire. Similar process was also followed in the creation of other UX questionnaires, such as Attrakdiff (Hassenzahl et al., 2003) .
EFA is based on an iterative process where questionnaire items (individual questions) are removed from an initial pool of items, based on the degree by which they contribute to measuring a particular factor. The extent of item contribution is measured through factor loadings, where a high loading essentially means that the item correlates highly with the given factor. If an item has a low loading (in our case below a cutoff level of 0.6) on all factors, then that item should be removed. This is an iterative process where according to Lavie and Tactinsky (2004) , after removing a number of items, another EFA should be conducted on a new dataset until each of the remaining items have a sufficiently high level of correlation with a single factor. In relation to this it is important to note that reliability is also about having items that correlate highly with only one factor and not with multiple, as one particular item should not measure multiple constructs. This is partly what lies behind the concept of "multicollinearity" which should be low (for details: Lavie and Tractinsky, 2004) .
CFA is, as the name implies, of confirmatory nature. Where the EFA is about exploring (removing and sometimes adding items depending on the emerging factors) the CFA is applied to make a final validation of these factors and the items that measure them (Schreiber et al., 2006) . In CFA the notion of loadings is used in the same way as in EFA described above. In CFA there are item loadings on factors, but also covariance between factors denoting how variances between any two pairs of factors are correlated.
The goodness of a factor model is determined by a range of fit-indices, which collectively indicate whether, or not the factor structure is appropriate and reliable.
More specifically, we can say that when getting acceptable levels on the fit indices we can expect to observe similar patterns of loadings and covariance on a different data sample (assuming this has the same demographic characteristics and based on evaluation of similar products).
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For validity it is crucial that the CFA is not conducted on the same datasets as the EFA, otherwise you end up confirming a factor model on the same data on which it was derived, and thereby run the risk of inflated model-fit measures. In CFA several measures are applied to determine model-fit. For details on this we refer to Schreiber et al. (2006) .
Process
In order to measure perceived inner coolness of an interactive product we produced the COOL Questionnaire starting from the 11 inner cool characteristics derived from literature (Raptis et al., 2013) . The process of doing this consisted of three phases: 1) creating candidate questions, 2) EFA studies and 3) CFA studies. Figure 3 outlines this process along with the number of question items removed after each study in the three phases. Specific question items removed after each study can be seen in the appendix. In the first phase of the process we created candidate items for each of the 11 inner cool characteristics. Two of the authors created 15 items per characteristic (165 items in total). This was done by taking inspiration from other questionnaires in the literature and from our own understanding of each characteristic. For example, for authenticity, some of the produced candidate items were: "This device is one of a kind", "This device is original", and "This device mimics other devices". Afterwards, six senior researchers evaluated the appropriateness of the 165 initial candidate items. Finally, the items per characteristic were reduced from 15 to 13 (143 in total).
In the second phase we conducted iteratively four EFA studies on different datasets in order to discover the underlying factor structure of inner coolness as well as the items that contributed most to each factor. In the fourth EFA study we also included external questionnaires in order to test for convergent validity, i.e. to assess whether or not the COOL questionnaire measured the same constructs proposed by other user experience questionnaires. This allowed us to see how our identified factors relate to established user experience qualities. For this reason we included the Attrakdiff2 questionnaire (Van Schaik et al., 2012) , an aesthetics questionnaire (Lavie and Tractinsky, 2004) and an attractiveness questionnaire (Quinn and Tran, 2010) .
Finally, in the third phase, we conducted three CFA studies to confirm the factor structure suggested in phase two.
Products
The products of coolness assessment for the development of our questionnaire were a number of mobile devices. In all EFA and CFA we asked from participants to assess a mobile device by answering a number of items through a webpage, which on the left side showed the device (Figure 4 ) and on the right side listed the items. We decided to present the mobile devices through images based on the facts that: a) coolness is perceived immediately, b) making a judgement about a product that it is boxed and we cannot not interact with is something that happens everyday in product choice situations, and c) the same approach is used to assess other established perceived qualities, such as visual appeal (Lindgaard et al., 2006) , or perceived usability (Flavián et al., 2006; Sauro, 2010) . All items were presented randomly in order not to feel repetitive to the participants (we did the same when we included the external 15 questionnaires) and were all rated on a 7-point Likert scale from "strongly disagree" to "strongly agree".
In total, our participants made assessments of 16 different mobile devices, with an average of 98.6 participants per device in the EFA studies, and 152.3 participants per device in CFA studies. Since we wanted to measure the perceived inner coolness of the devices and we did not want our participants to be influenced by external parameters, we had to experimentally control them. To achieve this, we presented the participants with mobile devices of the same colour, without any visible indication of brand, and with their screens turned off in order to remove possible effects of the interface (Fig. 4 ). 
Participants
In order to perform the necessary statistical analyses that would lead to a questionnaire we had to include a large number of participants that belonged to a variety of communities. We opted for Amazon Mechanical Turk (MTurk) in order to achieve a large sample size. Several studies have shown MTurk participants to be reliable for studies similar to ours, including studies within human-computer interaction (Boujarwah et al., 2012; Gupta et al., 2012; Heer and Bostock, 2010; Heimerl et al., 2012; Gottlieb et al., 2012) as well as in other fields, such as political science (Berinsky 2012 Kline (1993) . Thus our produced questionnaire is not community specific, i.e. it reliably measures how different people perceive coolness. The same approach was used in the development of other UX questionnaires in the past, see e.g. (Lavie and Tractinsky, 2004) .
The participants assessed only one mobile device each and participated only in one study. All participants who reported prior experience with the specific mobile device were removed from the datasets. The reason for removing those participants is that research has shown that prior experience with an IT product affects evaluation results (Langton et al., 2007; Sauro, 2011) . Additionally, we wanted to measure perceived inner coolness at first sight, not after actual usage. MTurk also provided us with the participants' average completion times and participants with considerable lower completion times than the average were also removed, as this was an indication of not filling in the questionnaire properly. Depending on the number of questions they had to answer, participants were paid an incentive ranging between $0.30 and $1.10.
These incentives were provided based on MTurk's guidelines on how to fairly pay participants.
In the end, after the ones we had to remove, we had a total of 2236 participants (916 females) across the EFA and CFA studies, with a mean age of 28. 36 (SD=7.58) .
1322 of them participated in the EFA studies and 914 in the CFA studies. Details about the number of participants per study can be found in Tables 1 and 4 .
Key EFA and CFA Decisions
A number of decisions were made in order to conduct EFAs and CFAs. For EFAs the most important decisions were in relation to the adequacy of our sample, the method and the criteria for factor extraction, and the factor rotation method. (Schreiber et al., 2006) . This is then followed by a post analysis in which model verification is conducted. In the pre analysis we examined our CFA samples in terms of missing data, 18 normality, linearity and multicollinearity as suggested by Schreiber et al. (2006) . In this regard we had no missing data. In terms of normality, SEM leans on the assumption of normally distributed data. In our case all CFA datasets had univariate normality.
Normality According to Bulmer (1979) these are within acceptable boundaries, i.e. individual variables are assumed to be normally distributed.
Linearity between latent and manifest variables is also an assumption made in SEM analysis. Based on the strong factor loadings (>.67) identified during all of our EFA studies we assume linearity in our CFA datasets. Furthermore, SEM is based on the assumption of absence of multicollinearity, that is, latent factors do not correlate to an extent to which they can be said to measure the same construct. Based on the relatively low correlations between latent variables (<.5) we assume absence of multicollinearity in our CFA datasets.
Finally, we used SPSS as the statistical software for EFAs and the AMOS package v. 22 for CFAs. In particular for CFAs, these tools provide a broad range of indices, which we applied to determine the degree of model fit, e.g. Ratio of χ2 to df, Normed Fit Index (NFI), Comparative Fit Index (CFI), Goodness-of-Fit Index (GFI) and several others. Table 6 provides overview of all applied fit-indices and we refer to Schreiber et al. (2006) for more details on these.
In this section we present findings from our exploratory factor analyses and confirmatory factor analyses.
Exploratory Factor Analysis (EFA) Results
1322 participants were used in all four EFA studies and they evaluated a total of 13 mobile devices through the experimental setup we have described before. In all EFA studies Bartlett's Test of Sphericity was significant (<.001) for all the models we have produced. 310 people participated in EFA1 and rated 143 items. The purpose for conducting EFA1 was twofold: a) we wanted to reduce the total number of items, and b)
we wanted to check the appropriateness of each item. A total of 7 models were produced in EFA1 with three, four and five factor structures. Items were removed only if they did not belong to any of the factors in any of the seven models. In all seven models the KMO was >.940, fulfilling the criteria for sampling adequacy. Another interesting observation of EFA1 was that all the negative items were clustered all together in one factor. Since there are studies that pinpoint the issues of including negative phrased questions in questionnaires (for example Sauro and Lewis, 2011) , we decided to change them to positive. Additionally, a number of items were rephrased, as 20 they were characterized as confusing by the participants. After EFA1 the total number of items was reduced from 143 to 96 and were used as input for EFA2.
195 participants rated 96 items in EFA2. In EFA2 our data suggested a three or possibly four factor structure. A total of 5 models were produced and the lowest KMO was .957. The process of removing items was the same as EFA1 and we kept all the items that belonged to at least one of the factors in at least one of the models. After EFA2 the number of items was reduced from 96 to 61. In EFA3, 537 participants rated 61 items and finally a three-factor structure for perceived inner coolness was confirmed through Scree Tests and Parallel Analysis (Monte Carlo PCA, Watkins). Our best model had a KMO of .954 and the number of items was reduced from 61 to 26.
In EFA4 we included three established user experience questionnaires in order to check the convergent validity of the COOL questionnaire: Attrakdiff2 (Van Schaik et al., 2012) that measures hedonic (4 items) and pragmatic quality (4 items), an aesthetics questionnaire (Lavie and Tractinsky, 2004 ) that measures classic (5 items) and
expressive aesthetics (5 items), and an attractiveness questionnaire (Quinn and Tran, 2010 ) that measured the attractiveness (5 items) of mobile devices. In total, 280 people rated 26+23 items. By applying the cut-off criteria we ended up with five factors: three from our own dataset and two from the external questionnaires. Based on the items going into each of our three factors (Table 3) we chose to name them desirability, rebelliousness and usability. Items from the external questionnaires either clustered around two new factors or were discarded due to loadings being below the cut-off level of 0.6. In total, 18 question items from the established questionnaires were removed.
The remaining items merged around two factors, which we named as new attractiveness and classic aesthetics. One of these factors were named new attractiveness as it was formed on the basis of items from two different questionnaires (Table 3) . Table 3 . Item loadings per factor in EFA4. A= Desirability, B=Rebelliousness, C=Usability, D=New Attractiveness and E= Classic Aesthetics. * removed in CFA1, 1 originates from attractiveness questionnaire, 2 originates from Attrakdiff2, 3 originates from aesthetics questionnaire.
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Furthermore, Table 4 presents the correlations between the 5 factors. The factors of new attractiveness and classic aesthetics from external questionnaires correlate with the three perceived inner coolness factors. However, the findings outlined in Table 3 also show that new attractiveness and classic aesthetics have relatively low factor loadings on the three inner coolness factors while most items from established UX questionnaires were below the cut-off level. This indicates that established UX questionnaires measure a different construct than inner coolness. That said, the correlations in Table 4 indicate a relation between the three inner cool factors and the two factors of new attractiveness and classic aesthetics. We discuss this relation in section 6.1 below. In terms of the three emerged factors of perceived inner coolness, desirability accounted for 39.62% of the variance and consisted of seven question items. We found this factor to be influenced by items initially proposed to belong to the inner cool characteristics (Table 1) of seeking personal development, strongly tied to a group, seeking pleasure and being/appearing in control. Rebelliousness was made up of six items and accounted for 19.46% of the variance. All six came from those initially proposed to belong to the inner characteristic of being rebellious. Usability accounted for 10.646% of the variance and consisted of five items from the characteristics of being/appearing in control and making hard things appear easy.
Note here that we went from the initial 11 inner cool characteristics to the 3 factors mentioned above. Thus, through the EFA studies we discarded numerous (125) of the original items, and even entire characteristics such as seeking exclusivity, embracing innovation, embracing authenticity, being antisocial and being detached as their related items did not provide sufficient contributions to any of the emerging factors, for the case of mobile devices. A detailed list of the items that were removed on each EFA study can be found in the Appendix.
Confirmatory Factor Analysis (CFA) Results
In order to prove stability for a single sample dataset Schreiber et al. (2006) argues that there is a general consensus on applying sample sizes of at least 10 participants per estimated parameter. Another approach is to prove stability by conducting multiple CFA's on different datasets. In our study we did both as detailed below. 914 participants were used over three CFA studies and they evaluated a total of 6 mobile devices ( underlying items. Table 6 shows the respective item loadings and model-fit indices obtained in the first CFA where indices are within acceptable thresholds.
In CFA2 we evaluated a five-factor model including the three factors related to perceived inner cool (with the 16 underlying items) and the two factors of new attractiveness (3 items) and classic aesthetics (2 items). This model consisted of 52 distinct parameters to be estimated, which indicates that at least 520 participants were needed. CFA2 was based on a different dataset than CFA1 and we had 559 participants.
In total they evaluated three devices. At the first run we found all model-fit indices to be within acceptable ranges (Table 6 ).
In the third and final CFA study we merged the datasets from CFA1 and CFA2 and re-evaluated the five-factor model confirmed in CFA2. Thus, CFA3 is based on 914 participants evaluating a total of 6 different devices. Model-fit indices were all within acceptable ranges after the first run (Table 6 ). All item loadings on factors are significant. We further validated the five-factor model by examining the matrix of standardized residuals. Residuals denote the deviations between observed values and the estimated parameters, i.e. residuals express the level of observed differences between all pairs of variables (items and factors) and their estimated loadings. A model with a good fit will have the residuals centered around zero. We examined the matrix of standardized residuals provided in AMOS for excessively high values and found none larger than ±2, which indicates a good model fit (Schreiber et al., 2006) .
CFA1 CFA2 CFA3
Desirability Based on the model-fit indices, sample sizes and CFA replications we found a threefactor model of the perception of perceived inner cool and a five-factor model also including new attractiveness and classic aesthetics to be supported by our data. Thus, our model can be considered reliable in the prediction of data. Table 7 presents the correlations correlation matrix between the five factors obtained in CFA3. These correlations are comparable to those found in EFA4 (see Fornell and Larcker, 1981) , CR>.7 (suggested by Hair et al., 1998) , and Cronbach α.>.8 (suggested by Furr and Bacharach, 2013) . We then assessed discriminant validity using the Fornell and Larcker (1981) technique. For all pairs of factors, both AVEs were larger than the shared variance (square of their correlation).
More details can be found in Table 8 . Based on the above, we can conclude that the three-factor model for perceived inner coolness is stable and the proposed factor differ from established perceived qualities for the case of mobile devices.
Discussion
Our aim in this paper was to identify the factors that contribute to perceived inner coolness and produce a tool that can reliably measure them. Based on this, we designed and developed the COOL Questionnaire using the statistical techniques of exploratory and confirmatory factor analysis. Our data suggest that the perception of inner coolness in an interactive product is determined by:
1. Desirability. The degree to which individuals believe that a product supports personal development and pleasure and the degree the individuals relate to it.
2. Rebelliousness. The degree to which individuals believe that a product stands out from the rest.
3. Usability. The degree to which individuals believe that a product is usable and makes a task more easy/or appear more easy.
All three factors contribute to the perception of inner coolness of a product and they have emerged through a meticulous process that started with 143 items and ended up with 16. According to our findings, all three factors contribute positively to the 28 perception of inner coolness, but as we know from literature, some factors might be considered more relevant than others depending on the context (Kruglanski and Gigerenzer, 2011; Van Schaik et al., 2012) . For example, when somebody buys new digital calipers (Kelly 2013, p. 57 ) usability might play a crucial role on perceiving the tool as cool, because it allows the owner to complete tasks easily and with more control.
At the same time, somebody else might intentionally buy the ONEPLUS Two phone and not another more common Android phone as she might believe it is rebellious as it is very difficult to acquire (it is sold only online and through a waiting list).
Coolness and User Experience Research
This paper contributes to user experience research in two ways. Firstly, we showed that coolness can be considered as a new dimension of user experience, at least in case of mobile devices. According to our findings, perceived inner coolness acts as an umbrella construct, which can be decomposed to desirability, usability and rebelliousness. In our case of assessing mobile devices, we found that our usability factor performed better than the factor of pragmatic quality suggested in existing questionnaires. Items measuring pragmatic quality contributed to with low factor loadings on the usability factor. At the same time, our data suggest that desirability and rebelliousness are different constructs from the existing ones, which is indicated by values of discriminant validity and internal consistency. These were within acceptable ranges.
Secondly, we contributed to the on-going discussion regarding the relationships between established user experience qualities in different contexts of use (Bargas-Avila and Hornbaek, 2011) . Our data support the claim that many of the existing user experience constructs overlap in specific contexts of use. For the case of mobile devices, items from the constructs of hedonic quality and expressive aesthetics were clustered around attractiveness and classic aesthetics, although with relatively low 29 factor loadings. Thus, our data suggest that, for mobile devices, the combination of our three inner cool factors along with new attractiveness (3 items) and classic aesthetics (2 items) are more complete in measuring perceived user experience of mobile devices. Of course, more studies are needed for different interactive products and while including more user experience qualities in order to see if these findings are more general. We argue that such research direction is important as it could lead to a specific set of qualities and questionnaire items that practitioners could use in their evaluations.
Finally, our CFA studies showed that perceived inner coolness can be measured by desirability, usability and rebelliousness, qualities that are different than attractiveness and classic aesthetics. If we link back to our theoretical model, which
proposes that coolness consists of inner and outer cool, the above may suggest that attractiveness and classic aesthetics are in fact measuring outer coolness. Since our experiment was not purposefully designed to research this issue, more studies are needed to have conclusive results. We consider this research direction as really important as it can lead to a model that will describe how our first impression with an interactive product (outer cool) is shaping our perception on its personality characteristics (inner cool) and how they both contribute to the overall impression regarding its coolness.
The COOL questionnaire in comparison to other cool factors
There are a few studies that have investigated how to systematically measure coolness of interactive products. Our study is in line with the initial results of and . In those studies it was found that coolness is related to constructs such as authenticity and innovativeness. This is very similar to the construct of rebelliousness that was included in our questionnaire. Our findings also overlap with the constructs identified by Culén and Gasparini (2012) who found that coolness is affected by mastery, usefulness and self-presentation. These constructs are closely related to our constructs of desirability and usability. Furthermore, our factors of desirability and usability overlap with constructs such as accomplishment, connection, identity and direct into action as identified in (Farnsworth et al., 2014b) . Thus, there are considerable overlaps between constructs in our study and related work, yet there are other notions with which cool can be considered, see e.g. . These relations among constructs need to be explored in future studies in order to have a better understanding on what coolness is.
To our knowledge, only Sundar et al. (2014) published a questionnaire for measuring coolness. They decomposed this into the following three components:
Subculture, attractiveness and originality. In the following, we will compare our work to the Sundar et al. (2014) study. Our findings show that inner coolness can be measured through usability, desirability and rebelliousness, while (Sundar et al., 2014) shows that coolness can be measured through subculture, attractiveness and originality. First, the underlying items of the originality factor in (Sundar et al., 2014) are similar to those included in our rebelliousness factor. Second, in relation to the subculture factor we included most of these items in our initial pool of items, as can be seen in the Appendix.
However, our EFA studies indicated that these items did not load sufficiently high onto any factors, which is why we removed them. Third, items that Sundar et al. (2014) included in their attractiveness factor are comparable to several items that we either discarded during our EFA studies (i.e. "This device is sexy", "This device has style", "This device is classy" and "This device is innovative"), or belonged to the attractiveness factor of the Quinn and Tran questionnaire (2010). Finally, through our EFA studies we also found five items to be loading on the factor of usability, which was confirmed through the CFA studies. In comparison, Sundar et al. (2014) initially had a 31 factor denoted as utility, which bears close resemblance to the factor of usability in our study. However, Sundar et al. (2014) eventually chose to remove utility.
So, why do we see these differences between studies? The first explanation is related to how the initial pool of items used in EFAs and CFAs were created. We created our initial pool of questions based on a theoretical approach where the 11 inner cool characteristics we have identified in a literature review (Raptis et al., 2013) . Sundar et al. (2014) applied an empirical approach and created their initial pool of items by asking participants to self-report their perceptions on 14 digital artefacts (ranging from websites to USB dongles and even World of Warcraft).
Second, our distinction between inner and outer cool explains why attractiveness is not part of our questionnaire. In this paper we focused on inner cool and since attractiveness, according to our theoretical framework, belongs to outer cool, it was measured through other established questionnaires, e.g. the aesthetics questionnaire by Lavie and Tractinsky (2004) .
The third explanation for the differences between the studies is related to the experimental methods that were followed to create the questionnaires. Sundar et al. (2014) assessed 18 different devices and software applications of various types. This is commendable in terms of testing the questionnaires generalizability across products. In (Sundar et al., 2014) they had 16-36 participants assess each product. Lavie and Tractinsky (2004) used around 75 participants per website assessed to produce their questionnaire. In our case we had an average of 125 participants per mobile device assessed. Looking across similar studies there seems to be a trade-off in terms of the variety of products assessed and the number of participants assessing each. With enough participants, however, the high level of variability in products provides results that are more generalizable across product types. The high variability in products could also 32 have led to the removal of the utility factor in (Sundar et al., 2014) . The utility factor in (Sundar et al., 2014) is comparable to the usability factor derived in our study. Utility may not be as crucial in games, e.g. World of Warcraft, as on websites or mobile phones.
In sum, there are several differences between our study and the one presented in (Sundar et al., 2014) . Our findings show that inner coolness can be measured through usability, desirability and rebelliousness and suggest that outer coolness can be measured by new attractiveness and classic aesthetics. This distinction between inner cool and outer cool can also explain why some artefacts, even though they are perceived as ugly, are considered as cool, e.g. the old VW Beetle (Imseng, 2011) . Given the differences between studies, it would be relevant to compare the two questionnaires in comparable experimental conditions in order to determine their relative strengths, weaknesses and similarities for assessing product coolness.
Conclusions
We have addressed the concept of cool in interaction design by researching literature on the concept both inside and outside the HCI field. Based on the insights gained from this, we have constructed a questionnaire for measuring the inner coolness of interactive products -we call it the COOL Questionnaire and it is the key contribution of this paper. The questionnaire is shown in Figure 2 . The questionnaire was developed from an offset in eleven inner cool characteristics derived from literature, and was validated with an emphasis on mobile phones. Through a process of iteratively applying the statistical methods of exploratory and confirmatory factor analyses (EFA and CFA), we arrived at three factors that measure the perceived coolness of an interactive product:
Desirability, rebelliousness, and usability. The questionnaire consists of 16 specific items that measure these three factors of perceived inner coolness, plus the control question "this device is cool".
Our questionnaire is meant as a practical tool that can be used to measure the perceived inner coolness of an interactive product during a design process. We believe that it can be a useful tool for interaction design practitioners when designing for cool in industrial projects. Furthermore, we think it will be also useful for interaction design researchers as a practical tool to understand the coolness dimension of user experience.
Future work
The study of coolness in HCI and interaction design has just recently started and current studies seem to open a multitude of avenues for further research. This is also stressed by Holtzblatt et al. (2010) and Holtzblatt (2011) who list several challenges for conducting research on cool e.g. UX design process integration. Our work extends previous work on coolness within interaction design, e.g. Fitton et al. (2000a Fitton et al. ( , 2000b and Read et al. (2011 Read et al. ( , 2012 , as we provide a validated questionnaire that measures perceived inner coolness of mobile devices. Holtzblatt (2011) raised the question of how designers can identify aspects of coolness for specific product categories and how this can be incorporated into the product requirements.
We believe that in order to use the COOL questionnaire in practice there are at least five challenges that need to be addressed through further studies. Firstly, in both CFA studies we had an average of 152 participants from various communities assessing each mobile device. Therefore, we argue that our model is generalizable in terms of the perception of inner coolness of mobile devices. Yet, this points to a potential limitation of generalizability beyond mobile devices, which is relevant to discuss. We believe our questionnaire is suitable for other types of interactive products, as this was also the case with Lavie and Tractinsky's (2004) and the Attrakdiff2 (Hassenzahl et al., 2003; Van Schaik et al., 2012) questionnaires. These were also created by focusing on one type of interactive product and then were successfully used to assess a variety of products. Of course more studies are needed in order to have conclusive results.
Secondly, we believe that it would be important for practitioners to have more data on how our questionnaire performs. As an example of practical use, the iPhone 5c had the following mean scores: desirability = 3.8, rebelliousness = 2.9 and usability = 5.1. In comparison the Huawei U8300 scored lower in terms of desirability (2.9) and usability (4.7) but higher on rebelliousness (4.6). This difference may be explained by the fact that the Huawei U8300 moves against mainstream trends by re-introducing the tactile keyboard known from phones in the early 2000's, i.e. it can be considered more rebellious than the iPhone 5c. At this moment we do not have enough data to understand what it means for a mobile device, for example, to score 5 on usability and 3.5 on rebelliousness in relation to inner coolness. Is 5 a good score? Is 3.5 a bad one?
Additionally, what does it mean for a mobile device to be, e.g. extremely rebellious, a challenge that was pointed also by Horton et al. (2012) . Do extremes have a negative impact on coolness? Such important issues were tackled in the past for other questionnaires too, where datasets from many studies were examined and analysed (for example the SUS scale, Bangor et al., 2008) . We argue that the same should be conducted for the COOL questionnaire too.
Thirdly, we also find it important to study the relation between coolness and actual use of interactive devices and systems in practice. This points towards the limitation of only assessing static images, which was the case in our study. Thus, our findings are limited to participants' initial perceptions of devices without any tactile sense of their shape and weight. However, as discussed earlier, coolness is something we recognize immediately from our first impression of objects and people, which makes the COOL questionnaire valid for initial assessments. However, as mentioned in (Holtzblatt, 2011) and (Culén and Gasparini, 2012) it is also relevant to study the extent to which perceptions of coolness changes over time.
Fourthly, it is relevant to further study what characterizes products that are considered as universally cool (Schiller 2012) or classic (Nancarrow et al., 2001) . If perceived coolness does indeed change over time, or stays stable for some products, then interaction designers would obviously benefit from understanding this process better. Our questionnaire can play a role on that, as it will allow collecting different datasets that could be compared and analysed in order to understand how time influences perception of coolness.
Finally, our findings also suggest that the COOL questionnaire measures inner cool, while attractiveness and classic aesthetics contribute to outer cool. The contribution of attractiveness and classic aesthetics on outer cool is something that needs to be explored further and validated with more research data.
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